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Yong Tang
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The excess seen at 125 GeV at both ATLAS [1] and
CMS [2] has attracted many considerations for new
physics beside the higgs boson in standard model(SM)
. One very interesting suggestion is [3] which shows that
Randall-Sundrum(RS) radion can be responsible for the
excess. The physics behind RS model lies with the fol-
lowing geometry for the warped space-time [4],
ds2 = e−2kT (x)|ϕ|[ηµν +Gµν(x)]dxµdxν +T 2(x)dϕ2, (1)
where T (x) is referred to as the modulus field, Gµν(x) as
graviton and k is a scale of the order of the (reduced)
Planck scale Mpl. To explain the hierarchy problem,
the compactification radius or the vacuum expectation
value(vev) of the modulus field, rc ≡ 〈T (x)〉, is required
to satisfy the relation krc ∼ 12.
The radion φ [5], identified as the scalar bulk field to
stabilize the modulus field, couples to SM particles as
Lint = φΛφ T µµ, where Tµν is energy-momentum tensor
for SM particles and Λφ =
√
6Mple
−krcpi. This model
leads to a larger branching ratio for φ → gg or γγ, rel-
ative to hSM → gg or γγ in SM. As shown in [3], with
Λφ ∼ 680 GeV, the excess observed at the LHC can be
explained by a 125 GeV RS radion with σ(H)Br(H →
γγ)/σBrSM ∼ 2.1 and smaller values for other channels
relative to the corresponding ones in SM.
The analysis above does not take into account of the
constraint on other part of the RS model, namely the
searches for a massive graviton at the LHC. In this note,
we shall show that the results of LHC searches for gravi-
ton have interesting implications for the radion.
The nth massive Kaluza-Klein(KK) modes of Gµν will
also couple to SM particles, L(n)int = 1ΛGG
(n)
µν T µν , where
ΛG = Mple
−krcpi . The mass of the nth KK graviton is
given by MGn = kxne
−krcpi = xn kMplΛG, where xn is the
nth solution of J1(xn) = 0, and J1 is the Bessel function.
In the following, we will focus on the first KK mode with
x1 = 3.83, MG ≡MG1 .
The couplings of the first KK graviton with SM parti-
cles are proportional to 1/ΛG or x1k/Mpl for a fixedMG.
Limits put on MG for specified k/Mpl can then be trans-
ferred to limits on ΛG, therefore on Λφ due to the rela-
tion, Λφ =
√
6ΛG. For example, using dijet final states,
CMS [6] with 1 fb−1 has excluded a RS graviton mass
below 1 TeV for k/Mpl = 0.1. A straightforward calcula-
tion gives that the corresponding Λφ =
√
6
x1k/Mpl
MG = 6.4
TeV. More recently, using dilepton final states, ATLAS
[7] with 5 fb−1 show that a RS graviton mass below
2.16 TeV is excluded at 95% confidence level also with
k/Mpl = 0.1, then the corresponding Λφ = 13.8 TeV.
A smaller value of Λφ then requires a larger k/Mpl,
although the latter of order 0.1 or less is preferred
theoretically[8]. However, a larger k/Mpl means a more
stringent constraint on MG because the cross section for
the graviton’s production at the LHC is proportional to
(k/Mpl)
2. As shown in Fig. 1, when k/Mpl = 0.3, the
limit for MG is 2.8 TeV, then we have Λφ = 5.97 TeV.
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FIG. 1: Limit on the mass of RS graviton for various k/Mpl,
where the box points are taken from [7].
One may want to extend to even larger k/Mpl and
hope to accommodate Λφ = 680 GeV. The obstacle
is that there is an upper limit for k/Mpl theoretically
given by [9], k/Mpl <
√
3pi3/5
√
5 ≃ 2.88. We show
the conservative constraint for large k/Mpl in Fig. 2. A
limit of MG = 3.5 TeV will give Λφ = 2.24 TeV for
k/Mpl ≃ 1. Even the largest but highly theoretically
disfavoured k/Mpl ≃ 2.88 results in Λφ = 0.8 TeV and
σ(H)Br(H → γγ)/σBrSM ∼ 1.5.
In summary, it is unlikely to have a 125 GeV RS ra-
dion with Λφ = 680GeV and accommodate with both
experimental and theoretically constraints.
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